SPECIFICATION 
TITLE 

"IMAGING TOMOGRAPHY DEVICE WITH AT LEAST TWO BEAM DETECTOR 
SYSTEMS, AND METHOD TO OPERATE SUCH A TOMOGRAPHY DEVICE" 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention concerns an imaging tomography apparatus and a 
method for operating such an apparatus, in particular an x-ray computed tomography 
apparatus, of the type having at least a first acquisition system, with a first radiator 
and a first data acquisition unit for detection of radiation originating from the first 
radiator, and a second acquisition system, with a second radiator and a second data 
acquisition unit for detection of radiation originating from the second radiator, 
wherein both acquisition systems are capable of rotating around a common rotation 
axis with a constant angular separation in the azimuthal direction. 
Description of the Prior Art 

Tomography apparatuses of the above type are known, for example, from 
United States Patent Nos. 4,991,190, 4,384,359, 4,196,352, 5,966,422, and 
6,421,412. An advantage that such tomography apparatuses with a multiple 
acquisition systems exhibit in comparison to an apparatus with one acquisition 
system is an increased data acquisition rate, which leads to a lower exposure time, 
and/or to an increased temporal resolution. A shortened exposure time is of 
advantage because with it, movement artifacts in the reconstructed image (for 
example, caused by voluntary and involuntary movements of the patient and/or by 
arrhythmias in the heart movement) are minimized. This is particularly of importance 
in the event a larger volume is scanned, for example by means of a spiral scan, for 
example of the heart. An increased temporal resolution is, for example, necessary 



for representation of movement cycles, because then the data used for 
reconstruction of an image must be acquired in tlie shortest possible time. 
Conventionally, this has been attempted to be achieved by increasing the rotation 
speed of the acquisition system, however the acceleration forces, and the 
mechanical problems resulting therefrom, increase significantly with additional 
rotation speed. Such problems can be solved with the cited tomography 
apparatuses, which have multiple acquisition systems (radiator-detector 
combinations) arranged separated from one another in the azimuthal direction, 
meaning angularly offset relative to one another. This type of tomography apparatus 
is particularly advantageous when spiral reconstruction algorithms are used for 
reconstruction of images from the raw data generated by the detectors, which only 
require projection data from an angular interval of 180'', because then, for example 
given the presence of two acquisition systems, the exposure time is reduced to a 
quarter of the measurement time required for a full rotation. 

In x-ray computed tomography, unwanted artifacts can occur in the CT image 
if scattered x-ray quanta also reach the detector in addition to the primary quanta, 
due to x-ray quanta scattered in the examination subject. This is generally 
counteracted by scattered-ray collimators or scattered-ray grids that are positioned 
directly in front of the detector. The grids, fashioned from absorbing materials, have 
fine and suitably aligned channels that allow only the non-deflected (and thus image- 
relevant) x-ray quanta reach the detector. By enlarging the collimator height, by an 
additional depth of the channels, the scattered-ray suppression could be improved, 
however this is at the cost of efficiency. Additionally, such an increase of the 
collimator height would be very difficult mechanically to control, and would in addition 
increase the costs for the detector system. 
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Numerous methods for scattered-ray correction are known, for example from 
the professional article by B. Ohnesorge, T. Flohr, K. Klingenbeck-Regn with the title 
"Efficient object scatter correction algorithm for third and fourth generation CT 
scanners". Eur. Radiol. 9, pages 563 - 569, 1999. Using a convolution model, the 
portion of the image intensity tracing back to the scatter radiation is determined, and 
is subtracted from the measured signal, and thus a signal largely traced back to the 
primary quanta is obtained. 

SUMMARY OF THE INVENTION 

An object of the invention is to improve the image quality in a tomography 
apparatus of the cited type. 

This object is achieved according to the invention, in a tomography apparatus 
of the type initially described wherein, radiation from the respective radiators 
alternatively reach the examination subject during the rotation of the acquisition 
systems. 

The invention thus concerns in particular tomography apparatus with two or 
more acquisition system that are arranged to acquire projection data from a number 
of different projection directions, and that in particular are fashioned to generate slice 
exposures and/or for 3D-scanning of the examination subject. 

The invention is based on the recognition that, in a tomography apparatus 
with a number of acquisition systems, in particular in a multi-tube system, added 
scatter radiation artifacts can ensue since each detector would receive signals from 
both radiators ("cross talk") given simultaneous use of both radiators, in particular of 
both x-ray tubes. The invention also is based on the recognition that, for example 
given a two-tube system with two acquisition systems offset by 90° with scattered- 
ray collimators, no sufficient scattered-ray suppression can be achieved, because 
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the quanta coming from one tube and scattered to the side at 90*" have, with high 
probability, the same propagation as image-relevant primary quanta coming from the 
other tube, and thus are barely differentiable. 

Numerous conventional methods for scattered-ray correction are applicable 
only with low efficiency, because the typical correction models created for a forwards 
scatter in a tomography apparatus would not suffice in a tomography apparatus with 
a nunfiber of acquisition systems. 

In the tomography apparatus according to the invention, x-ray quanta from 
only an individual x-ray tube of the total number rotating x-ray tubes arrives at the 
examination subject, the quanta alternating, or being in succession, from tube-to- 
tube. This allows signal contributions by the x-ray tube(s) not supplying the data 
acquisition unit currently in use with primary radiation to be prevented in the 
projection data set generated by the respective data acquisition units. 

The alternating irradiation preferably is accomplished by a control unit. This 
control unit can be a control unit as is present in conventional tomography apparatus 
for control of the rotation, the radiators and optionally the data acquisition units, that, 
however, is specially fashioned for realization of the inventive subject matter. 

According to a preferred embodiment, the control unit is fashioned such that 
the radiators can be activated in alternation (or in succession if more than two 
radiators are present). For this, the control unit, for example, can operate the power 
supply devices associated with the radiators, in particular associated voltage 
generators. 

According to another preferred embodiment, the control unit is fashioned such 
that the data acquisition units can be activated in alternation or in succession. 
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The control unit preferably is designed such that the data acquisition units can 
be synchronously activated with the respective associated radiators. Thus only 
radiation from the respective "correct" radiator is recorded and no scatter radiation 
from the radiators that are not directly active. 

The control unit preferably is fashioned such that, from each of the acquisition 
systems, projection data can be generated in succession from a number of different 
projection directions, the projection data being generated alternately (successively) 
with the alternation of the irradiation of one of the acquisition systems. Thus an 
alternation of the irradiation is undertaken on a time scale that corresponds to the 
time scale of the acquisition of projection data from different directions. 

In another embodiment, the alternation of the irradiation is accomplished by 
diaphragm devices that are controllable such that the radiators are gated in 
alternation (or in succession). 

Alternation of the irradiation also can be realized by an image computer 
connected with the data acquisition units that is fashioned such that data generated 
by such a data acquisition unit whose associated radiator does not radiate directly at 
the examination subject are not used for image reconstruction. 

The invention is also of advantage in a tomography apparatus with two or 
more acquisition systems with fan beam angles or measurement fields of different 
sizes from one another. In particular the maximum measurement fields scanned by 
the two acquisition systems given rotation around the rotation axis can be of different 
sizes. This can mean that the maximum fan angles of both acquisition systems are 
of different sizes. Alternatingly, the lengths of both detectors - measured in the 
azimuthal direction - can be of different sizes. In the medical examination of a 
patient, it is of particular advantage for the first measurement field to be able to scan 
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the entire body cross-section of the patient and for the second measurement field be 
able to scan only a portion of the body cross-section, in particular the area of the 
heart. 

In the tomography apparatus according to the invention both acquisition 
systems can be arranged in a common plane. This has the advantage that artifacts 
as a result of an unwanted movement of the patient (breathing, etc.) are minimized. 
However, embodiments are also possible in which the acquisition systems are 
separated from one another and/or can be positioned separated from one another in 
the direction of the rotation axis. 

The cited object also is achieved according to the invention based in a 
method wherein the examination subject is irradiated in alternation or succession by 
radiation from the respective radiators during the rotation of the acquisition systems. 
In particular, only the irradiation from one of the radiators at a time is present. 

The above-described advantages and preferred embodiments of the 
tomography apparatus according to the invention apply analogously to the method 
according to the invention. 

According to a preferred embodiment of the method, the alternation or 
succession of the irradiation ensues multiple times during a rotation around the 
examination subject. The alternation ensues in particular with a period duration in 
the range of milliseconds or microseconds. 

In another preferred embodiment, projection data from each of the acquisition 
systems are successively acquired from a number of different projection directions, 
the projection data being acquired by one of the acquisition systems alternating with 
the alternation of the irradiation. 
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The radiators likewise preferably are alternately activated. 

According to a preferred embodiment of the method, the data acquisition units 
are alternately activated. 

In particular, the data acquisition units can be activated alternately in 
synchronism with the respective associated radiator. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a first exemplary embodiment of a tomography device 
according to the invention in a partial-perspective overall view, 

Figure 2 show the two acquisition systems of the tomography apparatus of 
Figure 1 in cross-section. 

Figure 3 is a time diagram to explain the control of the two acquisition 
systems of Figures 1 and 2. 

Figure 4 shows the two acquisition systems of a tomography device according 
to the invention according to a second exemplary embodiment, in cross-section view. 

Figure 5 shows details of the second exemplary embodiment pertaining to a 
diaphragm device, in a simplified view. 

Figure 6 shows details of a third exemplary embodiment pertaining to a 
diaphragm device according to the invention, in a simplified view. 

Figure 7 shows the diaphragm device of Figure 6 in a closed state. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Three exemplary embodiments of a tomography device according to the 
invention are subsequently explained in detail in Figures 1 through 7. Figures 1 
through 7 also serve to explain the method according to the invention. 
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Figure 1 shows a first exemplary embodiment of a tomography apparatus 1 
(here an x-ray computed tomography apparatus) with an associated positioning 
device 3 for exposure and positioning of an examination subject 5, for example a 
patient. The patient 5 with the desired examination region or scan region can be 
inserted into an opening 7 (diameter 70 cm) in the housing 8 of the tomography 
apparatus 1 by means of a movable table top of the positioning device 3. Inside the 
housing 8, a gantry (not visible) is mounted so as to be rotated with high speed 
around a rotation axis 9 running through the patient. Moreover, for a spiral scan, a 
continuous axial feed is effected with the positioning device 3. 

A control unit 10 is provided for operation of the tomography apparatus 1 by a 
doctor or an assistant. 

To achieve a short scan time and/or a high temporal resolution, a number of 
acquisition systems, in the example two acquisition systems (n=2), are mounted on 
the gantry. A first acquisition system has an x-ray tube as a first radiator 11 and a 
first data acquisition unit DMS1 formed as an eight-line (eight-row) x-ray detector 
array as a first detector 13. A second acquisition system has a separate x-ray tube 
as a second radiator 15 and furthermore a second data acquisition unit DMS2 
formed as a separate eight-line (eight-row) x-ray detector array as a second detector 
1 7. The arrangement of the two radiators 11,15 and the two detectors 13, 1 7 on the 
monitoring car is fixed during the operation of the tomography apparatus 1, such that 
their relative separations are also constant during operation. 

The x-ray detector arrays are fashioned on a base of an electronically 
readable scintillator ceramic, known as a UFC ceramic. Surface detectors, for 
example with 256 or more lines, alternatively can be used. The electronic signals 
generated by the x-ray detector arrays are conditioned in respective downstream 
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electronic data processing units 14 and 18 that, together with the respective 
associated detector 13 and 17, form the appertaining data acquisition units DIVISI 
and DI\/IS2. In the data processing units 14 and 18, the electronic signals are 
integrated and optionally digitized. Each data processing unit 14 and 18 can include 
the following (not explicitly shown) components: 

a) one integrator per detector element, 

b) a multiplexer downstream from the integrator, 

c) an electronic element downstream from the multiplexer for line-by-line 
readout and amplification of the signals from the individual detector 
elements, 

d) a downstream analog-digital converter, and 

e) an optional "Arithmetic Logic Unit" (ALU). 

The thusly-obtained projection data of both quasi-continuously scanning 
acquisition systems are supplied via wiper rings or an optical transmission system to 
the stationary part of the gantry, and then to an image computer 19. In the image 
computer 19, they are processed using an image reconstruction algorithm into a CT 
image that can be displayed on a display device 20. The image computer 19 is 
fashioned such that the reconstruction of an image can be implemented using 
projection data or raw data of both acquisition systems. The projection data of both 
acquisition systems are thereby initially combined ("mixed") into a common 
projection data set or raw data set, taking their relative separation into consideration. 

The tomography apparatus 1 is controlled by a control unit 21 that is 
connected with the image computer 19 and with the operating unit 10. The control 
unit is also connected with the data processing units 14 and 18 via a data 
transmission line LI. Moreover, the control unit 21 operates (via a data transmission 
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line L2) an actuating device 22 actuating the monitoring car, and operates (via data 
transmission lines L3, L4) two voltage generators 23, 24 that respectively supply the 
x-ray tubes with energy. The voltage generators 23, 24 are only indicated 
schematically, and at least some components thereof can be arranged on the gantry. 
In the normal case, the electrical energy is transferred to both x-ray tubes via wiper 
rings. 

Figure 2 shows both acquisition systems of Figure 1 in detail. It is in particular 
shown how both radiators 11,15 (and the focus F1 and focus F2) rotate in the arrow 
direction on a common rotation path 29 around the rotation axis 9 (which is 
perpendicular to the plane of the drawing) and alternately radiate x-ray fan beams 
that are respectively shown with edge rays 31 and 35 and a middle rays 33 and 37. 
During the respective radiation, raw data are generated from different projection 
angles for a subsequent image reconstruction. In the cross-section of Figure 2, only 
one line of the respective detectors 13 and 17 (with respectively with a number of 
detector elements 13a, 13b. 13c and 17a, 17b, 17c, ...) is shown. 

The lengths of each detector 13 and 17 is curved around the respective focus 
of the associated radiators 11 and 15, and are different, such that, in the 
representation of Figure 2, detectable x-ray beams of different sizes arise for the two 
acquisition systems, and maximum measurement fields 38 and 29 of different sizes 
result. 

To gate the x-ray beam from each radiator 11 and 15 in the direction of the 
rotation axis, thus also to select individual or multiple detector lines, a first gating 
device 41 is associated with the first acquisition system, and a second gating device 
45 is associated with the second acquisition system, both tube-proximate. Each 
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gating device 41 , 45 can have two diaphragm plates that can be moved in a direction 
parallel to the rotation axis 9. 

The azimuthal angular separation a of the acquisition systems is measured 
between the lines 'focus-rotation center" (here identical to the middle rays 33 and 37 
and is constant at least during an exposure for n, acquisition systems, and the 
angular separation preferably is substantially 3607(2n), meaning, in the example of 
the Figures (n=2), substantially 90°, such that after 1/(2n) of a complete rotation 
(360*') an angular region of 180° is cumulatively scanned, which is sufficient for most 
image reconstruction algorithms. In the context of the invention, preferably a spiral 
reconstruction algorithm is used, that can operate with projection data of a half- 
rotation. 

The control unit 21 acts on the voltage generators 23, 24 such that the tubes 
or radiators 11,15 alternately radiate. 

In Figure 3, the respective normalized curves over time t of the control signals 
SI and S2, that ensure by the alternating operation, are shown for the first (upper 
curve) and the second (lower curve) acquisition system of Figures 1 and 2. During 
the rotation of the gantry, the control unit 21 alternately activates one of the two 
radiators 11, 15, which thus alternately radiate in a pulsed tube mode. Moreover, the 
control unit 21 switches the data acquisition units DMS1, DMS2 in phase or 
synchronously with the respective associated radiator 11, 15. When the first radiator 
11 radiates, the associated first data acquisition unit DMS1 alone integrates the 
quanta striking its detector 13. Projection data acquired at the respective radiation 
time points - acquired at projection directions differing by 90° - together form a first 
measurement value set i that is read out. A second measurement value set i+1 is 
subsequently read out with the same alternation of the irradiation. During one 
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rotation, approximately 100 to 1000 measurement value sets (typically 360) are 
acquired, such that a time interval At for a measurement value set amounts to 
approximately 1 msec. 

During the radiation time of the second radiator 15, no radiation coming from 
the first radiator 11 is detected in the second detector 17, and vice versa. The 
detectors 13, 17 operate intermittently. 

Indicated in Figure 4 with dashed lines are ray progressions of scattered x-ray 
quanta that are not interfering in the tomography device 1 because they only ensue 
when the detector 13 or 17 at which they arrive is not directly supplied with primary 
x-ray quanta and is not detecting. 

Additionally, in Figure 4 a second exemplary embodiment is shown that is 
largely identical to the first exemplary embodiment, but wherein contrast to the first 
embodiment, the control unit 21 does not act (for the alternating operation) via the 
voltage generators 23, 24 on the radiators 11, 15, but instead acts on the diaphragm 
devices 71, 72. These diaphragm devices 71, 72 are present, for example, in 
addition to the gating devices 41, 45, and alternately shift an absorber element in 
front of the radiator 11 or 15. In contrast to the first exemplary embodiment, the 
alternation of the irradiation thus does not ensue electrically in the framework of the 
power supply in the second exemplary embodiment, but rather mechanically. The 
radiators 11,15 can continuously radiate. 

In Figure 5, as a detail of the second exemplary embodiment, the assembly of 
the diaphragm devices 71 , 72 is shown as a system with rotating absorber elements. 
The representation is in the viewing direction opposite to the radiation direction of the 
radiator 11 or 15. Each of the diaphragm devices 71, 72 has, as an absorber 
element, a disc 75 that is a sector of a circle (here a semicircle disc; generally the 
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circumference is approximately 360*^ - 3607n) made of an x-ray-absorbing material. 
The disc 75 can be rotated very quickly in the arrow direction 77 around an axis 76 
parallel to the radiation direction, such that a tube emission window 78 of the 
respective radiators 11 and 15 is alternately covered and not covered, and not 
covered and covered. 

In Figures 6 and 7, a third exemplary embodiment is shown in the same 
viewing direction (above) as in Figure 5 and perpendicular thereto (below), in which 
the alternation of the irradiation likewise ensues mechanically. The third exemplary 
embodiment is largely identical with the second exemplary embodiment, but is 
different in the shown detail of the assembly of the diaphragm devices 71, 72. The 
shielding is arranged with Venetian blind-like Oa'ousie-like) x-ray-absorbing absorber 
plates 81, 82. In Figure 6, the diaphragm device 71, 72 is shown in the open state, 
in is shown in Figure 7 in the closed state, respectively from two different viewing 
directions. 

In the exemplary embodiment of the tomography apparatus 1 according to 
Figures 1 through 7, both acquisition systems (meaning in particular the respective 
connecting lines between radiator and detector, thus for example also the respective 
middle rays 23 and 27) are arranged in a common plane that is the plane of the 
drawing of Figures 2 and 4. In such an implementation, the CT device is particularly 
suitable for representation of movement cycles with high temporal resolution. 

Although only tomography apparatuses with two acquisition systems are 
shown in the exemplary embodiments, the basis of the invention is also applicable to 
tomography apparatuses with three or more acquisition systems. The invention is, 
for example, applicable in the fields of medical technology and material examination, 
in particular baggage inspection. 
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Although modifications and changes may be suggested by those skilled in the 
art, it is the intention of the inventors to embody within the patent warranted hereon 
all changes and modifications as reasonably and properly come within the scope of 
their contribution to the art. 
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